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Abstract

This report describes a Berkeley Lab effort to model the economics and operation of small-scale
(<500 kW) on-site electricity generators based on real-world installations at several example
customer sites. This work builds upon the previous development of the Distributed Energy
Resource Customer Adoption Model (DER-CAM), a tool designed to find the optimal combination
of installed equipment, and idealized operating schedule, that would minimize the site’s energy
bills, given performance and cost data on available DER technologies, utility tariffs, and site
electrical and thermal loads over a historic test period, usually a recent year. This study offered the
first opportunity to apply DER-CAM in a real-world setting and evaluate its modeling results.

DER-CAM has three possible applications: first, it can be used to guide choices of equipment at
specific sites, or provide general solutions for example sites and propose good choices for sites with
similar circumstances; second, it can additionally provide the basis for the operations of installed
on-site generation; and third, it can be used to assess the market potential of technologies by
anticipating which kinds of customers might find various technologies attractive.

A list of approximately 90 DER candidate sites was compiled and each site’s DER characteristics
and their willingness to volunteer information was assessed, producing detailed information on
about 15 sites of which five sites were analyzed in depth. The five sites were not intended to
provide a random sample; rather they were chosen to provide some diversity of business activity,
geography, and technology. More importantly, they were chosen in the hope of finding examples of
true business decisions made based on somewhat sophisticated analyses, and pilot or demonstration
projects were avoided. Information on the benefits and pitfalls of implementing a DER system was
also presented from an additional ten sites including agriculture, education, health care, airport, and
manufacturing facilities.

The five sites are:

1. A&P Waldbaum’s Supermarket: A Long Island supermarket that has installed a
microturbine with CHP for desiccant dehumidification.

2. Guarantee Savings Building: An historic office building in California’s central valley that
has undergone a major remodel and will house two federal agencies. Three fuel cells with
an absorption chiller are being installed.

3. The Orchid: A Hawaiian resort that has installed propane fired reciprocating engines and an
absorption chiller.

4. BD Biosciences Pharmingen: A San Diego biotech company that is installing reciprocating
engines with heat recovery for the almost constant space heating required because of
frequent air changes needed for laboratories.

5. USPS San Bernardino: A postal sorting facility in southern California that is considering a
reciprocating engine, possibly with absorption cooling.

All of these sites provided enough information on their loads, the tariffs they face, any subsidies or
incentives they expected, and their analysis of their project for a parallel DER-CAM analysis to be
completed. However, their various projects were at different stages of completion, so that the
accuracy of available data was not consistent. For example, the Guarantee Savings Building
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remodel that was in progress at the time of this study was so major that historic energy use data was
of no use and had to be replaced by simulation.

Scenarios were modeled to show the potential options and the financial value of different energy
system designs such as the base case energy consumption with no DER installation, unrestricted
installation of DER technologies, and a replication of the site’s DER installation decision. The
modeling results also emphasized the importance of DER grants and included sensitivity analyses
on important parameters such as the spark-spread rate, standby charges, and general tariff
structures.

This study accomplished the following goals: DER site project experience was analyzed, described,
and disseminated; real-world problems involved with DER adoption decision-making and system
design were described; DER-CAM financial estimates and technology adoption decisions were
validated; the accuracy of DER-CAM was improved and its capabilities were expanded based on
real-world experience; contacts were established with relevant DER sites for future research.

The results of this case study report provide information on DER system costs and benefits that can
be used to analyze the financial value of the DER project using tools such as net present value
(NPV) and payback analysis. Important results in the report are the head-to-head comparison of
DER technologies chosen at the site and the technologies recommended by DER-CAM. Typically
the DER-CAM solution involves a higher capacity installation than that chosen by the site. Some
sites’ technology adoption decisions differed from DER-CAM due to factors not included in the
model. Comparisons of DER-CAM results to the sites’ estimates of DER system costs and benefits
are presented. Note that most projects were in the installation or initial operation stage and actual
costs could diverge significantly because of unanticipated operating conditions.

The key results are:

e (alculating financial costs and benefits of each DER system and using this information to
validate DER-CAM’s estimates.

e In general, DER-CAM and Berkeley Lab staff were able to reproduce energy bills and other
key data with reasonable accuracy, typically within about 10%.

e DER-CAM generally found reciprocating engines often with absorption cooling to be the
most attractive technology and, consequently, fairly accurately predicted its adoption for
those sites installing engines. In one notable case where DER-CAM chose a reciprocating
engine, the Guarantee Savings Building, the developers have adopted fuel cells in large part
for reasons not incorporated into DER-CAM.

e DER-CAM tends to choose higher capacities than sites themselves choose. This seems to
suggest a quite reasonable conservatism and risk averseness on the part of customers.

e This project has provided an excellent opportunity for Berkeley Lab to exercise DER-CAM,

to learn about real world DER installations, and to develop a base of data and personal
contacts that will be invaluable in future research on DER adoption.
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Executive Summary

The worldwide restructuring of the electric utility industry is changing energy markets and creating
opportunities to invest in new techniques to provide energy services and increase energy efficiency
in the United States. In the U.S., The Public Utility Regulatory Policy Act (PURPA) of 1978
invited relatively small-scale generators into the energy market, and the halting ongoing
restructuring of the electric utility industry is fundamentally changing the relationship between
electric utilities and their customers. The improvement of small-scale and renewable generators
has, in recent years, made even smaller (business-scale) electricity generation an economically
viable option for some consumers. On-site energy production, known as Distributed Energy
Resources (DER) potentially offers consumers many benefits, such as energy bill savings
(especially where waste heat is utilized), improved reliability, and control over power quality.
Despite these benefits, DER adoption can be a daunting move for a customer accustomed to simply
paying a monthly utility bill.

Work on customer adoption of distributed energy resources (DER) has been ongoing at Berkeley
Lab for three years. The effort has focused on the adoption of small-scale (<500 kW) generators,
especially where CHP and multiple generation technologies are chosen. The most significant
achievement of this effort has been the development of the distributed energy resource customer
adoption model (DER-CAM). This model finds the optimal combination of equipment a site should
install based on a historic test period to minimize the cost of satisfying its electrical and heat loads.
An idealized operating schedule for the installed equipment also emerges from the solution. DER-
CAM is a pure optimization model and can serve as a basis for the evaluation of real world projects
and also assess the importance of actual constraints and considerations not currently represented in
DER-CAM. This study offered the first opportunity to apply DER-CAM in a real world setting and
evaluate its modeling results, and to assess the benefits of expanding its capabilities.

One of the analytic challenges of predicting customer adoption of DER, and consequently, its
market penetration, derives from the highly variable motives driving adoption decisions. It is not
possible to represent the range of investor circumstances, motivations, and constraints. The only
reasonable approach is to study actual conditions and outcomes and attempt to apply what is
observed in a theoretical modeling framework as generally as possible.

This study was undertaken with the following goals:

Analyze, describe, and disseminate DER site project experience.

Describe real-world issues involved with DER adoption decision-making and system design.
Validate DER-CAM financial estimates and technology adoption decisions.

Improve DER-CAM accuracy and expand its capabilities based on real-world experience.
Establish contacts with relevant DER sites for future research.

M

A list of approximately 90 DER project sites was developed initially complied that served as the
starting point for potential case study sites. This list was pared down to about 50 promising sites
based on installation size (0-500 kW preferred but up to 1 MW if from multiple generators), use of
CHP, and DER installation being motivated by economic rather than demonstration purposes.
These sites were contacted to obtain information about their DER system. Responses to phone calls
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and letters sent to appropriate contact people were used to determine the site’s willingness to
participate in the case study analysis and share information about their DER adoption decision. The
sites’ decision-making process, the factors that influenced it, and the data that was used in support
of it were analyzed. The information collection process established relationships with nine sites that
provided enough information and data for analysis. From these nine sites, five were selected that
represented the best mix of important characteristics such as business type, geographic diversity,
DER technology selection, access to engineering and financial information, and availability of
information about their business-based decision-making criteria.

Table 1 shows summary descriptions of the nine sites that volunteered enough data for a full case
study and validation analysis. The four sites not studied in detail, AA Dairy, East Bay Municipal
Utility District, Rochester International Airport, and Wyoming County Community Hospital would
all make excellent future case studies.
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Table 1: DER Test Site Descriptions

Site Location/Utility Type of facility Installed Technology
AA Dairy* Candor, NY Dairy Farm Digester biogas system
NYS Electric & Gas converted 130 kW engine
A&P Waldbaum’s* Hauppauge, NY (Long | Supermarket 60 kW Capstone
Island) microturbine, CHP for
Long Island Power space heating & desiccant
Authority dehumidification
East Bay Municipal Oakland, CA Administration 10 x 60 kW Capstone
Utility District PG&E Building microturbines, 530 kW
(EBMUD) (150 ton) absorption chiller
and CHP
Guarantee Savings Fresno, CA 12 story office 3 x 200 kW Phosphoric
Building (GSB) PG&E building for IRS Acid Fuel Cells, CHP, 350
and INS kW (100 ton) adsorption
chiller
The Orchid* Big Island, HI Resort hotel 4 x 200 kW propane fired
Hawaiian Electric engine with 840 kW (240
Light Company ton) absorption and CHP
BD Biosciences San Diego, CA Industrial bio- 2 x 150 kW natural gas
Pharmingen (BD) San Diego Gas and technology engines, CHP space heating
Electric supplier
Rochester Rochester, NY Airport 2 x 750 kW natural gas
International Airport* | Rochester Gas and engines, CHP and
(RIA) Electric absorption cooling
San Bernardino U.S. Redlands, CA Mail handling 500 kW natural gas engine
Postal Service (USPS) | Southern California facility without CHP
Edison
Wyoming County Warsaw, NY Hospital 560 kW natural gas engine
Community Hospital* | NYSEG electricity and with CHP and absorption
(Wyoming) Rochester Gas and cooling

Electric natural gas

*Sites with operating DER systems

The five sites analyzed for this project are listed in Table 2. The fifth site, USPS, has two
alternative system designs because this site made two analyses available and has not selected a
design at the time of writing.

The results of this case study report provide information on DER system costs and benefits that can
be used to analyze the financial value of the DER project using tools such as Net Present Value
(NPV) and payback analysis. The values in Table 2 are derived from costs and savings as estimated
primarily by the test site and by this project team using the results from DER-CAM. These
estimates are with respect to the overall cost of the DER project without regard to the financial
arrangement actually used. That is, these values may be different from the costs and benefits of the
project from the perspective of the site’s owner due to contract agreements (e.g. shared savings or
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loans) with the energy developer. The payback period from DER-CAM was calculated by dividing
the project cost (provided by the site or estimated from DER-CAM) by the annual benefit without

capital cost.

Table 2: Summary of Project Costs and Benefits as Estimated by Site and DER-CAM

Source of Project Cost | Grants Annual Net Present Payback
Financial Received Benefit Value (NPV) | (including
Estimates (without (including grants)
capital cost) | grants)
A&P $145,000 $95,000 $8,312 $51,826 6 years
A&P $145,000 $95,000 $11,777 $94,274 4.2 years
DER-CAM
GSB $4,353,375 $2,100,000 NA NA NA
GSB $4,353,375 $2,100,000 $218,495 $(518,466) 10.3 years
DER-CAM
The Orchid NA $0 $700,000 $2,917,754 3.8 years
estimate
The Orchid $2,636,109 $0 $732,124 $3,091,430 3.7 years
DER-CAM
BD Confidential | $112,500 $103,085 $530,000 2.5 years
estimate
BD Confidential $112,500 $96,888 $506,218 2.7 years
DER-CAM
USPS $480,000 $0 $75,000 $115,057 6.4 years
DG only
USPS $480,000 $0 $217,544 $1,246,014 2.2 years
DG only
DER-CAM
USPS $680,000 $0 $159,000 $581,520 4.3 years
Absorption ($204,000
Cooling potential)
USPS Abs. $680,000 $0 $303,695 $1,729,543 2.2 years
DER-CAM ($204,000
potential)

NA = not available

Estimated values are derived from DER-CAM data rather than information provided directly from site.
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Table 3 lists the capacity of all nine sites’ DER system with respect to the peak load and provides a
brief description of the technologies comprising each DER system.

Table 3: Site Peak Electric Load and DER System Capacity Information

Site

Peak Load

DER Capacity

Percentage of Peak

AA Dairy*

75 kW

Digester biogas system
converted 130 kW
engine

170%

A&P*

600 kW

60 kW Capstone
microturbine, CHP for
space heating &
desiccant
dehumidification

10%

EBMUD

2000 kW

600 kW Capstone
microturbines, 530 kW
(150 ton) absorption
chiller and CHP

30%

GSB

600 kW — 900 kW

600 kW Phosphoric
Acid Fuel Cells, CHP,
350 kW (100 ton)
adsorption chiller

70% -100%

The Orchid*

1400 kW

800 kW propane fired
engine with 840 kW
(240 ton) absorption
and CHP

60%

BD

700 kW

300 kW natural gas
engines, CHP space
heating

40%

RIA*

2100 kW

1500 kW natural gas
engines, CHP and
absorption cooling

70%

USPS

1600 kW

500 kW natural gas
engine without CHP

30%

Wyoming*

850 kW

560 kW natural gas
engine with CHP and
absorption cooling

70%

*Sites with operating DER systems
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DER-CAM optimization:

DER-CAM is a mixed integer program formulated in GAMS' (General Algebraic Modeling
System). The objective function to be minimized is the annual cost of providing energy services to
the site, through either utility electricity and gas purchases or DER operation (or a combination of
both) in total dollars for a test year. The test year is typically a recent historic year. The objective
function value is an annuity based on the estimated annual costs of electricity purchases, gas
purchases, operating and maintenance costs and the amortized costs of DER equipment.

Typical inputs to the model include the site’s end-use energy load profiles, the tariff structure under
which a site buys electricity and other fuels, and values from a database of technology costs and
performance. Energy use is divided into five end-uses: electricity-only, cooling, space heating,
water heating, and natural-gas-only. The output is a set of DER technologies to install (if any) and
their hourly operating schedule as well as utility electricity and natural gas purchases, selected to
minimize annual costs of meeting energy demand for the site.

A key constraint included in the model (that is, condition to be met) is that energy demand for each
hour must be met by the purchase of energy from utilities, operation of any technology or set of
technologies selected by the model, or a combination of purchase and on-site generation. In
addition, all environmental rules must be obeyed, and equipment capabilities must not be exceeded.

The model’s inputs and outputs are depicted graphically in Figure 1 below
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Figure 1: Graphical Depiction of DER-CAM

" GAMS is a proprietary software product used for high-level modeling of mathematical programming problems. It is
owned by the GAMS Development Corporation (http://www.gams.com) and is licensed to Berkeley Lab.

XXVi



Distributed Energy Resources in Practice

Operating Scenarios:
Six standard scenarios were modeled. The scenarios describe the potential options available for

DER installation, and each provides unique information about the benefits of different DER system
designs.

Table 4: Description of Scenarios Analyzed for each Test Site

Scenariol | Base Case
Utility purchase of electricity and gas

Scenario 2 Unlimited installation of DER technologies
Any technology and capacity combination allowed (true
optimization)

Scenario 3 Choice of only the technology type (e.g. natural gas engines)
installed at site. No requirement to install or capacity constraint.
>0 technology units (same type)

Scenario 4 Forced purchase of same technology as site
At least one unit must be purchased.
> 1 technology units (same units)

Scenario 5 Forced purchase of same technology unit as installed at site
and same capacity (replicate site decision)

Scenario 6 Forced purchase of same technology and capacity as site chose.
Fixed operating level in terms of kWh output

Scenario 1: The Base Case, or “Business as Usual”” Case

The site purchased electricity and gas from the utility company at the standard tariff rates for this
location. This scenario also improved understanding of the local tariff and site energy costs (i.e.
composition of total bill as electricity and heating fuel and, of specific time period charges for
energy and demand). This scenario also provided a way to check if estimates of site electricity and
gas load were an accurate estimate of actual energy use.

Scenario 2: Unlimited installation

This scenario allowed for theoretical energy cost minimization by allowing the model to choose an
optimal combination of technologies from all the technologies in its database. In other words, DER-
CAM is run as an optimization with no restrictions on technology choices or capacity levels.

Scenario 3: Unlimited installation of technology type selected at site

This scenario restricted the model to potentially install the technology that was actually installed at
the site by the proprietor and developer. Hence, the possible solutions are to not install DER or to
install the particular DER technology type (e.g., all natural gas engines and CHP configurations)
selected at the site with any capacity value.
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Scenario 4: Forcing purchase of selected technology at site

This scenario requires the model to install the chosen technology, but additionally prohibits zero
installation. This scenario was developed to obtain information about the costs of installing and
operating a specific technology, in any capacity level, at the site. Scenario 4 was established
because in Scenario 3 the model may not install the available technology and the results match
those of Scenario 1. Scenario 4 forces the installation of the technology selected at the site but in
unlimited capacity levels.

Scenario 5: Forcing purchase of selected technology and same capacity as site

This scenario is similar to Scenario 4 although it requires the installation of the same capacity, or
number of units, as decided upon at the actual site. This scenario will provide the most accurate
description of the installation and operating cost of the system as specified in the design at the case
study site.

Scenario 6: Force same technology, capacity, and set operating level

Scenario 6 was developed to require the model to select the technologies and capacities as in
Scenario 5 but also to require the technology to operate at a certain level of output. This scenario
was developed to address the issue of having technologies installed by the model but not operated.
Scenario 6 was not used to date since the model, when forced to install a certain technology and or
capacity, chose to run the technology at least part of the time. This scenario, however, may be
useful in future modeling work. This scenario could also be used to obtain annual operating cost
information for technologies operating at a certain fixed load level set in advance of the model run.

Model Validation:
The model validation reported here involves three levels.

o At the first level the sites’ historic energy costs for electricity and gas (estimated from utility
bills if possible) are compared with a DER-CAM base case annual cost (Scenario 1) without
installing DER systems.

e At the second level, the annual costs of a technology adoption decision, as predicted by DER-
CAM Scenario 5, are compared with projected costs from the customer’s energy analyses or
actual costs of operating DER systems.

e At the third level, DER-CAM’s optimal technology selection Scenario 2 is compared with the
technologies selected at the actual site.

[

. Energy Cost Validation

The results of the first validation (Base Case utility bills) are given in Table 5 and graphically in
Figure 2. In general, DER-CAM was able to match the base case utility bills within a few percent
when enough data were available for calibration. This is more significant and difficult than it may
appear given the importance of accurately modeling the loads and tariff structures of various
facilities. The sites with historic data often had enough to reproduce their entire load profile for
some end uses. As a result, the loads accurately matched the site loads and accurately modeling the
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tariff structure and bill calculations was possible. In other cases, projects were not complete, or for
other reasons data were inadequate, and estimating bills and savings was more problematic.

Table 5: Validation of Base Case Cost of Utility Bills Prior to DER Adoption

Base Case Utility Costs ($/year)
Site Actual DER-CAM Ratio
A&P New building $245,000 NA
GSB New building $490,000 NA
The Orchid $1,333,000 (estimate) | $1,474,000 1.11
BD $315,000 $334,000 1.06
USPS $1,283,000 $1,261,000 0.98
1600
@ Site @DER-CAM
1400 -
1200 -
1000 -
k$ 800
600 -
400
200 1 l
0
A&P GSB The Orchid Pharmingen USPS San
Bernardino

Figure 2: Validation of Base Case

The second part of the Energy Cost Validation is a comparison of the site’s actual estimates of
project operation costs and DER-CAM estimates. The DER-CAM cost estimates are obtained from
Scenario 5 where the model replicates the technology adoption decision of the site. These costs
include the capital cost of the DER technologies, the operation and maintenance costs, and the costs
of utility purchases of electricity and natural gas. The results of this validation comparison are
presented in Table 6 and graphically in Figure 3. Not surprisingly these estimates vary much more
than historic information, but again the pattern tends to reflect the amount of detail available on

XX1X



Distributed Energy Resources in Practice

each project. In the case of The Orchid, the rates changed from $0.16/kWh at the time of the DER
adoption decision to $0.19/kWh at the time of their financial benefit estimation. Model runs using
the higher tariff rates for The Orchid are cited in the following tables and figures when validating
the financial results.

Table 6: Validation of DER Energy System Annual Costs

Energy Annual Costs ($/year)

Site Actual Site Estimate | DER-CAM Ratio
A&P $241,000 $235,000 0.98
GSB NA $571,000 NA
The Orchid $965,000 (estimate) $1,300,000 1.35
BD $245,000 $266,000 1.09
USPS $1,269,000 $1,137,000 0.90
USPS with absorption | $1,210,000 $1,054,000 0.87
chiller

1400

@ Site @DER-CAM

1200 -

1000

800 -

k$
600 -
400
O T T
A&P GSB The Orchid Pharmingen USPS USPS
DG only Absorption
Cooling

Figure 3: Validation of System Annual Energy Costs
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2. Annual Project Benefits Validation

Another way of evaluating the results of installing a DER system (the second type of validation) is
to compare the economic benefits estimated by the site with those computed by DER-CAM. Most
sites quantified their expected benefits even if they did not have reliable figures on their historic
energy costs or large changes to the site were expected, e.g. because of site changes other than DER
adoption.

There are two types of annual benefits reported: including capital costs and without capital costs.
Annual net benefits including capital costs are the net reduction of costs considering both the post-
DER system operating costs and the amortized loan payments needed to cover the capital cost of the
DER system installation. This is found by subtracting all DER related costs (utility electricity and
gas purchases, loan payments, O&M, etc.) from the base case utility bills. Annual benefits without
capital cost are the difference between the base case utility bills and the annual operating costs
without considering capital cost payments. The latter benefits are useful for computing payback
period or for computing NPV assuming the capital cost is paid in full at the start of the project. The
comparisons cover a wide range. Some DER-CAM results are close to site estimates, while others
are dramatically higher.

DER-CAM’s estimates of DER system costs are obtained from Scenario 5, where the model
assumes the DER equipment installed at the site is the same as installed at the actual site. Further
analysis, presented in Appendix D: Financial Calculations, presents the comparison of costs and
benefits estimated from DER-CAM’s Scenario 2, the optimal solution of the model, to the costs and
benefits estimated at the site.

The annual net benefits including capital costs are presented in Table 7 and Figure 4 (The Orchid’s
values reflect their recent rate increase to $0.19/kWh). This is a comparison between the sites’
estimated annual net benefit and the annual net benefit derived from DER-CAM Scenario 5. That
is, DER-CAM provided an annual cost estimate for the DER system matching the technologies
installed at each site.

Table 7: Validation of DER Annual Net Benefits (Including Capital Costs)

DER Annual Net Benefits ($/year)

Site Actual Site Estimate | DER-CAM Ratio
A&P $4,359 $10,000 2.3
GSB NA $(81,000) NA
The Orchid $368,000 $400,000 1.09
BD $70,000 $68,000 0.97
USPS $14,000 $124,000 8.86
USPS with absorption | $73,000 $207,000 2.84
chiller
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Figure 4: Validation of DER Annual Net Benefits (Including Capital Costs)

The annual benefits without capital costs are presented in Table 8 and Figure 5.

Table 8: Validation of DER Annual Benefits

DER Annual Benefits ($/year)

Site Actual Site Estimate | DER-CAM Ratio
A&P $8,000 $11,777 1.4
GSB NA $218,495 NA
The Orchid* $700,000 $732,000 1.05
BD $103,000 $97,000 0.94
USPS $75,000 $217,544 2.9
USPS with absorption $159,000 $303,695 1.9
chiller

* = The Orchid values reflect their recent tariff increase to $0.19/kWh.
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Figure 5: Validation of DER Annual Benefits

3. Technology Adoption Comparison

The final validation involves comparing the site’s actual technology installation decision with those

obtained in DER-CAM. Table 9 presents the technologies installed at the test site compared to the

optimal solution in DER-CAM.

Table 9: Comparison of Site DER System Selection Decisions

Site Actual DER system DER-CAM optimal solution
A&P 60 kW 60 kW
Microturbine (60 kW) with Microturbine (60 kW) with
CHP CHP
GSB 600 kW 765 kW
Fuel Cells 600 kW capacity: PV (1 x 100 kW), natural gas
(3 x 200 kW) with CHP and engines (3 x 55 kW) with
absorption chiller CHP, and natural gas engine
(1 x 500 kW) with absorption
chiller
The Orchid 800 kW 900 kW
Propane engines (4 x 200 kW) | Propane engines (2 x 200 kW)
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Site Actual DER system DER-CAM optimal solution
with CHP and absorption with CHP, (1 x 500 kW) with
chiller absorption chiller

BD 300 kW 500 kW
Natural gas engines (2 x 150 | Natural gas engine (1 x 500
kW) with CHP kW) with CHP

USPS 500 kW 1120 kW
Natural gas engines (1 x 500 Natural gas engine (2 x 500)
kW) no CHP, electric chiller, | kW with absorption chiller,
perhaps additional absorption | and microturbines (2 x 60 kW)
chiller with absorption chiller

The results presented in Table 9 are the most important results derived in this report, i.e. the head-
to-head comparison of DER technologies chosen at the site and the technologies recommended by
DER-CAM. Note that in every case except A&P, the DER-CAM solution involves a higher
capacity installation than chosen by the site. This is a fully anticipated outcome. It derives from the
fact that DER-CAM takes a full-system approach to minimizing energy bills, whereas any one
adoption tends to be based on a yes-no project decision for a certain piece of equipment. This
difference together with a perfectly reasonable conservative approach to an unfamiliar technology
will quite naturally lead to the observed outcome. The A&P results showed the project was
uneconomic without the large grants covering 65% of the installation costs. The Orchid and BD
Biosciences Pharmingen results are very similar, underlining that both applied fairly rigorous
financial criteria, and that gas-fired reciprocating engines with heat recovery is the incumbent
technology.

The USPS results are interesting in two ways. First, there is a significant cooling load at this site
due to internal heat generation from equipment and high ambient temperatures characteristic of
southeastern California. DER-CAM results suggest that this large cooling load warrants the use of
absorption cooling. Compared to previously analyzed coastal sites with less significant cooling
loads, the high cooling loads here provide a better absorption cooling opportunity. Second, the
DER-CAM result includes technological diversity, i.e. some microturbines are chosen in addition to
the reciprocating engines.

This latter effect is also quite clear in the GSB results. In this case a PV system is chosen, as well
as natural gas engines with heat recovery and absorption cooling capabilities. However, these
chosen technologies do not include the one being installed at the site, i.e. fuel cells. Here the
developer was strongly inclined towards fuel cells because of environmental concerns and
regulations, which the simple cost minimization of DER-CAM clearly would not predict. This
analysis did not consider the perceived costs of energy reliability and energy price stability, which
were the features that made GSB’s fuel cell decision practical. Zahra Properties provides the tenant
(IRS and INS via the U.S. General Service Administration (GSA)) with high-reliability electricity at
a high 10 year fixed price. GSA’s willingness to pay approximately twice the current utility
electricity prices for reliability and price stability has made the Zahra Properties’ fuel cell a viable
venture. In other words, the high cost of fuel cells was borne because of their reliability, for which
GSA was prepared to pay a premium, and the ability of the developer to avoid the time and expense
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of the air quality permitting process required for combustion technologies. The availability of
grants for fuel cell DER systems also reduced the project’s capital cost.

The results are very encouraging. In most cases, developers appear to be making comprehensible
choices and DER-CAM appears to replicate the decisions with interesting discrepancies that
enhance understanding of DER adoption decisions.

Summary of Validation

Overall, the use of DER-CAM was successful in replicating the Base Case (Scenario 1) energy bills.
Discrepancies between DER-CAM and site energy bills were minor and are discussed in the
specific case sections of this report. DER-CAM was also successful in identifying optimal DER
systems for given sites (Scenario 2). It is unclear how successful DER-CAM was at replicating the
actual cost of a DER system (with Scenario 5) since only one of the five sites considered (The
Orchid) actually had a DER system installed and running at the time of writing this report. DER
costs and benefits quoted by sites, therefore, are only estimates, and it is unclear whether DER-
CAM cost estimates or site cost estimates will be more accurate. Note that the two estimates could
diverge significantly because of different operating assumptions and outcomes. DER-CAM
resolves this endogenously.

It was difficult to model a specific test site’s technology adoption decision due to the many
considerations that cannot be included in a computer model. Models can still be very useful for
estimating what choices will be made in aggregate, and for providing idealized results that can serve
as examples to developers. Other issues such as changing tariff rates and the availability of grants,
for example, necessitate making assumptions about what the decision-makers knew when they
made their decision to install a DER system. DER-CAM provides more guidance into what
organizations should do rather than what they will do, in any specific case, which tends to be
generally the case with economic models.

Lessons Learned about DER Systems

As a result of this case study project much information was obtained about real-world DER decision
making and implementation factors such as the DER design process, technology integration and
interconnection issues, the drivers and hurdles of DER adoption, and the factors involved with
matching electric and thermal loads to DER capacity, energy production, and distribution.

Valuable insight was obtained into DER adoption decisions and the influence of perceptions, data,
and analyses that support those decisions. This insight came through working with many of the
sites to obtain information on their energy systems and operations, the DER adoption decision, and
their energy costs prior to DER installation, and expected or actual annual energy costs after DER
installation. Site visits provided knowledge of how the DER systems were integrated into
operations, and the necessary technologies for DG, CHP, absorption and compressor chilling,
boilers, and control systems. These site visits allowed for questions about what was working and
what pitfalls to avoid. The lessons learned from each site modeled in this report have been added to
the individual case descriptions. Furthermore these interactions highlighted the complexities of
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tariffs, utility interconnection, and environmental permitting issues faced by DER systems and the
influence of grants on the financial profitability of these systems.

In the process of narrowing down the test case selections to the five analyzed in full, initial studies
on a number of other sites were performed. Table 10 below provides a summary of some lessons
learned from sites considered but not analyzed in full detail.

Table 10: Lessons Learned and Information from Sites Not Fully Studied

Site

Notable issues learned from this site

AA Dairy

The economics of using cow manure on a dairy farm for operating a biogas
powered DER system to produce electricity and heat. The digester system
also helps resolve a solid waste disposal issue and simultaneously opens
new business opportunities such as selling high-quality compost and
operating a greenhouse for growing tomatoes.

Alaska USPS

The utility was closely involved with the DER system analysis but had an
unfavorable opinion of the economics of the DER system. Utility
involvement may help to limit DER adoption to the most economic project
opportunities.

Byron Bergen
Schools

This is a grid independent high school in upstate NY running on mix of
natural gas and diesel generators. The project resulted from efforts to
reduce utility costs and take advantage of an on-site natural gas well.

Cortland Memorial
Hospital

The first grid independent hospital in New York State. A utility
unsupportive to DER resulted in this unique DER system consisting of 3 x
560 kW Waukesha engines with diesel generator backup.

East Bay Municipal | They shut down 4 of 10 microturbines during off-peak hours and use

Utility District absorption chillers to meet QF status. With QF status they are able to obtain

EBMUD funding through CPUC’s SELFGEN program.

First National Bank | The energy service company HDR designed the fuel cell powered DER

Omaha system to be highly reliable and replicable although it is not known if other
sites have been willing to implement this system.

Rochester The cogeneration system has an energy efficiency rating of 59%.

International Airport

The Waukesha engine and generator set failed shortly after going into
operation. It was noted that the engine (from Waukesha) and the generator
(from another company) are tested independently and when operating as a
unit are subject to vibration and misalignment problems that were not
apparent in the separate tests.

Harbec Plastics

This plastic manufacturing company is powered almost exclusively by
Capstone microturbines. They needed to integrate their DER system into a
plant expansion in order to secure a bank loan. They had numerous
rejections for funding from banks when the project was described as solely a
DER installation.

Sea Crest Health
Care

All Systems Energy, an energy service company on Long Island, provided
numerous details about their cogeneration project and also the though
process behind installing natural gas engines. NG engines are preferred
because of the well-understood technology, their competitive capital costs,
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Site Notable issues learned from this site

and the large amount of heat they produce make them attractive for CHP
applications. In addition, the engineers at All Systems believe the typical
mechanical failures with NG engines tend to be well understood and easier
to repair than the failures with other types of DER systems.

Wyoming County This hospital was negotiating with the utility company (NYSEG) to avoid
Hospital having to pay demand charges when their DER system was tripped off line
as a result of an interruption in utility power. The restructuring of the utility
industry in NY and the fear of having difficulty of obtaining economic and
reliable power supplies lead them to investigate a DER system.

Improvements to DER-CAM

The fourth goal of this report is to improve DER-CAM accuracy and expand its capabilities based
on real-world experience. This was accomplished to a large extent by the development of the
Automation Manager. This Visual Basic front end allows for a rapid change of input parameters
such as the site loads, technology data, and tariff information. This facilitates sensitivity analysis
and aids in the iterative process that is a part of a test site model validation study. Furthermore, the
validation of base-case loads against actual utility bills provided a means for checking the various
aspects of demand and energy charges to ensure they are accounted for properly in the model’s cost
calculations. This comparison led to the discovery of a limitation in using average loads in DER-
CAM. The DOE-2 load data could be used to quantify the difference between the peak load and the
maximum average load. It turned out to be a substantial difference at some sites, 20% at A&P, 16%
at GSB, 7.5% at The Orchid, and 12% at USPS and demand charges were adjusted accordingly to
compensate for this difference.

The scenario analysis development was also an important contribution of this work. These
scenarios help to compare actual site decisions with different modeling options. For example, they
provide information on the financial benefit of adopting a given set of technologies, continuing to
obtain all energy services through the utility, or the potential for further efficiency gains through
additional capacity installation. Sensitivity analyses may also be performed on these various
scenarios leading to unique insights about the DER decision-making process and the potential
financial benefits.

Establishing Contacts with DER Sites and Future Research

The final goal for this report was to establish contacts with relevant sites for future work. The sites
selected for in depth analysis were chosen because of their willingness to work with us, answer
questions, return phone calls, and provide data on their DER system costs, load estimates, and
expected benefits. In addition, they also shared their knowledge of the benefits and drawbacks of
DER systems, the potential pitfalls, the mistakes made, lessons learned, joys and frustrations
encountered, and the excitement of working on a developing area of energy design.

The relationships developed in the process of completing this report may provide a testing ground
for future research such as work on system design, integration, reliability analysis, control system
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software development, emissions testing, and other areas. The knowledge gained by different sites
sub-metering their systems will also prove extremely valuable to understand, for example, the
potential residual heat available of different technologies, their availability and patterns of outages,
and the ability to serve thermal loads with this residual heat. This knowledge will help to formulate
enhanced versions of DER-CAM in the future and provide better tools for policy making and
forecasting DER adoption patterns in many regions.

Although only five sites were thoroughly studied in the process of validating DER-CAM, the results
were positive enough to indicate that DER-CAM is a useful policy tool and potentially a useful
engineering design tool for providing beneficial technology sets for specific facility sites. The
enhancements made to DER-CAM in the process of completing this report and the enhancements
envisioned for future versions of the model will improve its performance as a policy tool and allow
DER-CAM to be used for forecasting DER market penetration.

XXXViil
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1. Introduction

1.1 Background

The current national trend towards energy deregulation has encouraged consumers to search for the
most appealing energy provisions for themselves. Considerations include price, price stability,
energy reliability, energy quality, and emissions. Because of recent improvements in small-scale
electricity generation technologies, many of these considerations are favorably addressed by the use
of distributed energy resources (DER). However, the dramatic shift in structure from monopolistic
supplier to decision-enabled consumer requires much research and confirmation before customer
adoption.

This report represents the most recent step in two years of work on Distributed Energy Resource
Customer Adoption Model (DER-CAM). It focuses on case studies of distributed energy resources
(DER) and acts as a model validation study for DER-CAM. The model is validated against real-
world test sites. This report develops case studies at sites across the Unites States of DER
installations and examines the business decisions that led to the installations.

All efforts at Berkeley Lab have focused on small-scale on-site generation (i.e. <1 MW), especially
those involving combined heat and power (CHP) applications. While the 1 MW limit is somewhat
arbitrary, it represents a reasonable size above which generation would be big enough to be installed
under existing PURPA rules of participation in wholesale electricity and ancillary services markets,
which typically specify a minimum size of 1 MW.

DER-CAM was originally developed for analysis of microgrids, or small semi-autonomous
collections of utility customers. Technology adoption decisions of hypothetical microgrids offer
insight into the potential cost, energy savings and environmental consequences resulting from the
application of distributed energy resources. DER-CAM has since been enhanced, and its
applicability broadened.

The first enhancement to DER-CAM included the addition of thermal energy modeling, as it had
previously been limited to modeling of electrical energy loads. This enhancement involved many
assumptions and modeling difficulties, but resulted in the ability to analyze CHP systems. DER-
CAM was then further developed through integration with Geographical Information Systems
(GIS), and applied to the modeling of a hypothetical microgrid in San Diego that was based on a
collection of businesses in that city. DER-CAM is also capable of being used for pollution
emissions studies, as reported in Marnay et al (2002), where the authors studied the effects of
carbon tax on the adoption of DER technologies.’

DER-CAM has also proven to be viable tool for sensitivity analysis. In the study of the
hypothetical San Diego microgrid, the effects of varying parameters thought influential on DER
technology adoption were studied. The results were surprising in that the level of standby charges,
often cited by people within the DER industry to be the biggest hurdle to technology adoption, were

? Marnay et al. “Effects of a Carbon Tax on Combined Heat and Power Adoption by a Microgrid,” presented at the
Second International Symposium on Distributed Generation, Stockholm, Sweden. October 2-4 2002.
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not significant. Other factors such as electricity and gas prices, along with the technology capital
costs, were determined to be more important at influencing the technology adoption decision.

After conducting these studies and surmising results contradictory to popular opinion, it was
deemed appropriate to validate the model and ensure that results from previous DER-CAM studies
were accurate towards this end: the use of test sites allowed for collection of input data to DER-
CAM and a comparison of results from DER-CAM to the financial analysis performed by each site
in the process of their technology adoption decision. The technology adoption decision itself could
also be compared to the output from DER-CAM of the least-cost technology installation and
operation decision for a given site.

1.2 The Distributed Energy Resource-Customer Adoption Model

DER-CAM is a cost minimization mixed integer program formulated in GAMS® (General Algebraic
Modeling System) and solved with CPLEX. It has a Visual Basic front end, developed internally by
the Berkeley Lab DER-CAM team, to improve the ease of data and parameter entry into the model.
The full mathematical model is described in Appendix F.

The objective function to be minimized is the annual cost of providing energy services to the site,
through either utility electricity and gas purchases, or DER operation (or a combination of both) in
total dollars for the test year. The objective function value is an annuity based on the estimated
annual costs of electricity purchases, gas purchases, operating and maintenance costs and the
amortized costs of DER equipment.

Typical inputs to the model include the site’s five load profiles, tariff structure under which the site
buys electricity and other fuels, and values from a database of technology costs and performance.
The five load profiles are electricity-only (not including cooling), cooling, space heating, water
heating, and natural-gas-only. The output is a set of installed DER technologies that minimize
annual costs of meeting energy demand for the site. The hourly operating schedule of each selected
technology is provided in the output, as well.

A key constraint included in the model (that is, conditions to be met) is that energy demand for each
hour must be met by the purchase of energy from utilities, operation of any technology or set of
technologies selected by the model, or a combination of purchase and on-site generation. In
addition, all environmental rules must be obeyed, and equipment capabilities must not be exceeded.

3 GAMS is a proprietary software product used for high-level modeling of mathematical programming problems. It is
owned by the GAMS Development Corporation (http://www.gams.com) and is licensed to Berkeley Lab.
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The model’s inputs and outputs are depicted graphically in Figure 6 below:
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Figure 6: Graphical Depiction of DER-CAM

1.3 Purpose of Research

There are five purposes for this research:

Analyze, Describe, and Disseminate DER Site Project Experience.

Describe real-world issues involved with DER adoption decision-making and system design.
Validate DER-CAM financial estimates and technology adoption decisions.

Improve DER-CAM accuracy and expand its capabilities based on real-world experience.
Establish contacts with relevant DER sites for future research.

Each of these five motivations for this research is described in detail below.

1.3.1 Analyze, Describe, and Disseminate DER Site Project Experience

This report analyzes DER technology installation decisions at several different organizations in the
United States. By describing the decision-making process, the factors that drove the consideration
of a DER system are revealed. In addition, the economics of the particular site are detailed. The
economic factors considered include the purchase, installation, and maintenance costs of available
DER technologies, along with the site’s tariff structure for electricity and natural gas (electricity and
natural gas costs). The development of these case studies necessitated an understanding of utilities’
tariff structures and interconnection issues each site experienced while investigating a DER system.

This work also describes the engineering design of the equipment purchased or evaluated and how it
is integrated with the existing energy systems at the site. Learning about the DER technologies
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installed at various sites furthered the team’s knowledge of cost, performance, and integration of
distributed generation, CHP, and absorption cooling technologies. The various DER systems
covered by these case studies provide further evidence of the potential for a DER system to reduce
cost, improve reliability, and maintain the quality of energy services delivered. One goal of this
report is to collect and disseminate information on the variety of applications for which DER
systems are being used and to quantify the financial savings achieved in a variety of sectors.

1.3.2 Describe Real-World Issues Involved with DER Adoption Decision-Making and System
Design

Studying the process a business or other organization follows to evaluate onsite generation
opportunities provides important insights into the factors influencing adoption of DER technologies.
One purpose of this study was to examine the decision-making process and then to evaluate it in
DER-CAM. The differences between DER-CAM cost optimization results and real-world decisions
would then be examined. DER-CAM would be used to for sensitivity studies regarding key factors
in the decision making process at the actual test sites.

In studying real-world decision making, consideration should be given to modeling and optimizing
correct input values. For example, if at a site the technology is selected prior to an engineering and
financial analysis, future improved generations of a technology selection model, no matter how
accurate, will not provide useful information in the real world. It may, however, provide
information that counters pre-conceived notions of the most appropriate technology for the
particular site. This study provides useful information to assist in defining what a model can and
cannot do, and helps define the boundaries between the modeling process and the real world
decision-making process.

1.3.3 Validate DER-CAM Financial Estimates and Technology Adoption Decisions

This study seeks to validate the financial results and technology selection decisions of DER-CAM
against the technology adoption decisions made at actual sites. Understanding the decision-making
process for real-world DER implementation provides an understanding of important considerations
that are not included in DER-CAM or are difficult to quantify. This study may reveal other factors
that were not considered but could be included in future editions of the model. In addition, the
seriousness of some of the known limitations of the model can be calibrated.

This validation involves three components. The first component compares the sites’ historic energy
costs for electricity and gas with a DER-CAM base case annual cost without installing DER
systems. The second validation component compares the predicted costs of a technology adoption
decision, on an annual basis, with projected costs from energy analyses or actual costs of operating
DER systems. The third validation component compares the site’s estimated annual benefit to the
estimated annual benefit from DER-CAM. The fourth validation component compares DER-
CAM’s optimal technology selection with the technologies selected in the real world. Future
validation work may include validating DER system cost estimates with actual installation and
operating costs once the DER systems are operational.
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1.3.4 Improve DER-CAM Accuracy and Expand its Capabilities Based on Real-World
Experience

As this study provides understanding of the real-world decision-making process it will also provide
insight into the limitations of DER-CAM. These limitations will likely fall into two categories:
those that are “fixable” by enhancing model capabilities, and those that are too difficult to quantify
and include into any type of computer model. See Section 8, Areas for DER-CAM Improvement
and Further Study, for a description of suggested improvements to DER-CAM and lessons learned
about the model from this work.

This goal also leads to future work using the improved accuracy of DER-CAM in order to establish
it as a policy tool for forecasting DER market penetration. This work may take the form of
integrating DER-CAM results with the National Energy Modeling System (NEMS).

1.3.5 Establish Contacts with Relevant DER Sites for Future Research

A fifth purpose for this study is to establish a list of DER sites that may provide a testing ground for
future research such as work on system design, integration, reliability analysis, control system
software development, emissions testing, and other areas. One potential future benefit of DER-
CAM is to assist in the development of the control systems necessary to transpose an operating
schedule output from DER-CAM into a set of instructions understood by DER equipment.
Operating DER systems at sites running a variety of equipment for numerous commercial purposes
should provide useful experience and potential demonstration centers for future control systems
work.

This work focuses on the decision making process for technology selection. However, it is equally
important to learn about the impact that installation of DER and their subsequent operating
processes have on system design after the decision is made. Gaining knowledge of the pitfalls of
design and installation, integration ability of DG, CHP, absorption chillers, electric chillers, control
systems, end-use loads, and the plumbing and wiring that connects it all together is extremely
valuable. Experience will also be gained on the reliability of different DER systems.

1.3.6 Methodology & Application Summary

As stated above, the goals and purpose of this report are to develop case studies of DER systems,
study real world decision making processes, validate DER-CAM’s financial estimates and
technology adoption decisions, find areas in which to improve DER-CAM, and establish contacts
with sites for future research.

The first step in this study was to develop a list of desirable characteristics for case study sites.
These characteristics were then ranked by importance (see Section 2.1.2). Next, case study sites
with these characteristics were sought by reviewing electronic newsletters and various journals,
talking with colleagues, searching DER related web pages, and attending conferences focused on
DER and CHP.

Letters describing the project were drafted to help enlist people at the sites. Far more sites were
sought than could reasonably be analyzed with the time and resources available, due to the
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expectation that many promising sites would not be able to provide necessary information at some
stage of the report.

Sites that seemed both interesting (they met criteria described in Section 2.1.2) and interested in
participating in the study were analyzed in more detail. Questionnaires were developed to obtain
thorough information about the sites’ decision process, the DER technologies installed, how the
technologies were integrated, and the information used to support the decision (see Appendix G).
Completed questionnaires were followed up with phone calls to clarify information and seek more
detail if necessary. The information requested from sites included data on the factors driving the
decision making process, site loads, their DER equipment and capacities selected, the cost of
installing the DER system. The requested information is described in Section 2.2
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Data Requirements for Each Site.

Follow-up phone calls were often made to site contacts to clarify or obtain further information. The
information obtained from sites sometimes required modification before it could be incorporated
into DER-CAM. This process involved filling in additional details needed by estimating particular
end-use loads or tariffs from partial information provided, or generating loads using the DOE-2
building simulator. Once the required data sets were complete, through either use of site data,
estimation processes or building simulating software, they were used as input data to DER-CAM.

DER-CAM results are compared with actual site information in three stages. First, each of the sites’
historic energy costs for electricity and gas are compared to its respective DER-CAM simulation
base case of annual cost calculated without installing DER systems. The second set of analyses
involves comparing the predicted annual costs of a particular technology adoption decision for a
site, with projected costs obtained either from the site or from energy analysis. The third set of
analyses involves comparing DER-CAM’s optimal technology selection with the technologies
selected in by the respective test site.

Sensitivity analyses were performed to understand the influence of key parameters (the cost of
natural gas, the presence of standby charges, and the demand charges vs. flat electricity rates for
each site) on the decision to install DER technologies and their resulting effect on cost
effectiveness.

Lessons about real-world decision-making are also summarized in Section 5 Lessons in Decision-
Making and DER Adoption. This involves comparing tools used in real-world analysis with the
DER-CAM process. The final step is to draw conclusions from this work and then disseminate the
results and conclusions to colleagues and the public.






Distributed Energy Resources in Practice

2. Methodology
2.1 Site Selection Procedures

It was originally estimated that to gather the required detailed information from five final qualifying
sites, approximately 50 to 70 sites would need to be found initially.

2.1.1 Candidate Site List Compilation

Based on the requirement to locate 70 sites in the US that had considered installing DER
technologies, the first task was to locate sources of information about current DER projects. The
available sources of this information included colleagues, trade journals and magazines (especially
the DER Weekly electronic journal), DER-focused web sites, and conference proceedings.

A list of approximately 90 DER project sites was developed that contained the site name, location,
the energy developers, the type of technology installed along with notes about the origin of the
contact and its status. This list was pared down to about 50 promising sites based on installation
size (0-500 kW preferred but up to 1 MW if from multiple generators), use of CHP, and DER
installation being motivated by economic rather than demonstration purposes. See Section 2.1.2 for
a full list of required site characteristics.

The New York State Energy Research and Development Authority (NYSERDA) conference in
New York was a source of approximately ten contact sites that met the test site requirements. The
sites considered in this case study analysis were based on contacts with sites from the DER project
list, a desire to maintain a balance of the desirable characteristics, and their willingness to
participate in the case study project.

2.1.2 Required and Desired Site Characteristics

The site characteristics required for inclusion into this study include:

Generating capacity: 0-500 kW from a single unit, up to 1 MW if from multiple units;

Use of combined heat and power (CHP) technology;

High potential for a favorable relationship to be developed with site and developer;

DER adoption was motivated by entrepreneurial reasons such as financial, reliability, service or
power quality, or competitive advantage. No pure demonstration sites would be considered;
Financial analysis was performed during the decision-making process;

On-site generation was to be a source of primary power, not just for back-up power;

7. Developers were willing to share cost and load data with Berkeley Lab along with information
on the conditions that influenced the technology adoption decision process.

P
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Additional desired site characteristics include:

e Prior knowledge of contact at site, or previous relationship;

e Considered multiple DER technologies for providing power and energy;

e Completed a financial and engineering analysis of potential DER systems other than those
installed;
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e Selected a type of technology to install and its capacity;

e Considered small (< 500 kW) generation systems, microturbines, fuel cells, natural gas engines

preferably used in combination with absorption chillers, desiccant dehumidification, or heat

recovery units;

Receipt of grant money was considered acceptable;

DER to provide a significant portion of total electricity requirement;

Projects motivated by performance, cost or other competitive considerations;

Replicable benefits (i.e. chain stores or representative businesses) are considered attractive;

A mix of sites from different economic sectors such as manufacturing, agriculture, retail, health

care, and commercial office building was considered desirable;

e A range of geographical locations, although finding examples of DER in areas with low
electricity cost proved difficult;

e Sites with groupings of customers or related activities potentially benefiting from DER systems
was desirable;

e Projects with little previous exposure in energy publications were preferred.

The list of potential sites was narrowed down based on first meeting the required criteria and then
based on meeting desirable characteristics listed above. Efforts were then focused on obtaining
more information about each site. The sites’ decision-making process, the factors that influenced it,
and the data that was used in support of it were analyzed. Responses to phone calls and letters sent
to appropriate contact people were used to determine the site’s willingness to participate in the case
study analysis and share information about their DER adoption decision.

In the process of developing this report, twelve case study sites were visited in New York,
California, and Hawaii. These site visits were important for establishing relationships with the
facility managers, obtaining cost and load data from the site, and gaining insight into the real world
problems and issues involved with designing and installing a DER system. Lessons learned from
the site visits are discussed in Section 5.

2.1.3 Final Site Selection

As a result of the site discovery and elimination steps taken above, sufficient data on DER system
costs (or estimated costs if the system was not yet installed) and customer energy loads were
obtained for an initial analysis on the nine sites listed in Table 11 below. From these nine sites, five
were selected that represented the best mix of important characteristics such as business type,
geographic diversity, DER technology selection, access to engineering and financial information,
and availability of information about their business-based decision-making criteria.

An effort was made to include regional diversity among the sites selected. However, information
about DER projects in the South was difficult to obtain, apparently due to the lack of DER
investment in the South. The little information obtained about DER sites in the South was not
obtained early enough for the purposes of this project.

10
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Table 11: List of Potential Sites Providing Enough Information to Perform Full DER-CAM Analysis

Site Location/Utility Type of facility Installed Technology
AA Dairy* Candor, NY Dairy Farm Digester biogas system
NYS Electric & Gas converted 130 kW diesel
engine
A&P* Hauppauge, NY (Long | Supermarket 60 kW Capstone
Island) microturbine, CHP for
Long Island Power space heating & desiccant
Authority dehumidification
East Bay Municipal Oakland, CA Administration 10 x 60 kW Capstone
Utility District PG&E Building microturbines, 530 kW
(EBMUD) (150 ton) absorption chiller
and CHP
Guarantee Savings Fresno, CA 12 Story Office 3 x 200 kW Phosphoric
Building (GSB) PG&E Building for IRS | Acid Fuel Cells, CHP, 350
and INS kW (100 ton) absorption
chiller
The Orchid* Big Island, Hawaii Resort Hotel 4 x 200 kW propane fired
Hawaiian Electric engine with 840 kW (240

Light Company ton) absorption and CHP
BD Biosciences San Diego, CA Industrial Bio- 2 x 150 kW natural gas
Pharmingen (BD) San Diego Gas and Technology engines, CHP space heating
Electric Supplier
Rochester Rochester, New York | Airport 2 x 750 kW natural gas
International Airport Rochester Gas and engines, CHP and
(RIA)* Electric absorption cooling
San Bernardino US Redlands, CA Mail Handling 500 kW natural gas engine
Postal Service (USPS) | Southern California Facility without CHP
Edison
Wyoming County Warsaw, NY Hospital 560 kW natural gas engine
Community Hospital | NYSEG electricity and with CHP and absorption
(Wyoming)* Rochester Gas and cooling

Electric natural gas

* Sites with operating DER systems

11
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2.2 Data Requirements for Each Site

The following data were requested from each site. While some of these data are required for DER-
CAM, other information was requested to help understand the specific requirements of each case
study site.

2.2.1 Utility Provider and Applicable Tariff Schedules:

The utility tariff schedule (which can be accessed on-line) provided the following information
required by DER-CAM:

Electricity rate,

Natural gas rate,

Demand charges — if applicable,

Standby charges — if applicable,

Net metering prices (for kWh sold to utility) — if available, and
Special utility interconnection charges.

2.2.2 Performance and Cost Characteristics for each of the DG Technologies Considered

The following information regarding the candidate DG technologies for installation were also
requested:

Model numbers and type,

Capital cost expected,

Delivery and installation cost,

Fixed annual operation and maintenance costs,

Variable annual operation and maintenance costs,

Expected operating lifetime,

Expected operating hours per year,

Delivery date expected,

e Cost of required ancillary equipment (such as heat exchanger systems for capturing and
delivering thermal energy):

. Absorption cooling conversion cost (if applicable),

= Compressor cost,

. Fuel conditioning equipment costs,

. Monitoring equipment, and

. Cost of ancillary equipment required by utility for interconnecting.

Information on DG technologies that were eliminated from consideration based on past experience,
knowledge of technology cost and performance, or other issues such as vendor availability (to
deliver technology on time) was also requested.

12
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2.2.3 Load Data

The following information regarding the sites’ electric and thermal loads was requested;

Electric consumption by end-use load on an hourly basis if possible;

Thermal energy loads by end-use and type of fuel on an hourly basis if possible;
Metered electric and gas consumption data from utility bills;

Seasonal fluctuations (if not included in above data).

2.2.4 Financial Analysis

To reproduce the financial analysis performed by the test sites, capital costs and tariffs were
required. Consequently, the following information was requested:

Type of financial analysis used (time to payback, net present value, return on investment, etc.)
to determine the value of the project to the company, including the interest rates used.

How future utility prices were estimated.

How risk was incorporated into the analysis.

Information pertaining to which federal, state, and non-government grants and rebates were
available and requested.

Permitting and inspection costs.

Details on site regulatory constraints, such as those on air emissions, noise, solid waste, fuel
storage, containment issues, and emissions trading considerations.

The following definitions and terminology help to clarify the financial calculations presented in this
section.

Table 12: Definition of Financial Terms Used in Analysis

Base Case The annual cost of paying electric and natural gas utility bills at a facility prior to

installing a DER system.

Capital Cost | The up-front, turnkey DER system cost. It is considered in this respect a one time

cost at the start of a project.

Annualized | This is the Capital Cost turned into an annuity over the expected lifetime of the
Capital Cost | technology at a given interest rate. The default values for most DER technologies

were 12.5 years at 7.5%. PV systems were given lifetimes of 20 years. Annual
compounding is assumed.

DER The annual cost of installing and operating a DER system. This cost includes the
Annuity annualized capital cost of the DER technology, O&M costs, fuel purchases, and the

cost of purchasing any additional electricity and natural gas from the utility. It is an
annual cost over the lifetime of the DER technology.

Annual The cost of operating a DER system including O&M costs, fuel purchases, and the
Payment cost of purchasing any additional electricity and natural gas from the utility. These

are the costs of providing energy services to a facility if the DER system capital
costs are paid in full at the start of the project

Annual The difference between the Base Case and the Annual Payment. These benefits are

13




Distributed Energy Resources in Practice

Benefit (A) | the reduction in annual expenses as a result of installing a DER system without
considering the Capital Cost. They do not consider any annuities (e.g. loan
payments) involved with the Capital Cost. That is, these benefits assume the
Capital Cost is paid in full at the start of project.

Annual Net | The difference between the Base Case and DER Annuity. These benefits are the
Benefit (B) reduction in annual expenses as a result of installing a DER system including
considering the Capital Cost. They include any annuities (e.g. loan payments)
involved with the Capital Cost. That is, these benefits assume the Capital Cost is
annualized over all the years of the DER project’s expected lifetime.

The following formulas are then available from the above definitions:

Table 13: Financial Formulas

Financial Formulas

Base Case = Scenario 1 of DER-CAM

DER Annuity = Scenario 5 of DER-CAM

DER Annuity = Base Case — Annual Net Benefit (B)

DER Annuity = Annualized Capital Cost + Annual Payment

DER Annuity = Annualized Capital Cost + Base Case — Annual Benefit (A)

Annual Payment = Base Case — Annual Benefit (A)

Annual Benefit (A) = Annual Net Benefit (B) + Annualized Capital Cost

Annual Benefit (A) = Annualized Capital Cost + Base Case — DER Annuity

Annual Net Benefit (B) = Base Case — DER Annuity

Annual Net Benefit (B) = Base Case — Scenario 5

2.2.4.1 Net Present Value

One method of evaluating the financial value of a project is to calculate the project’s Net Present
Value (NPV). This method has the advantages of considering the value of future cash flows at an
appropriate interest rate. Another advantage is that the result is a number in dollars as opposed to a
rate in percentage (e.g. Return on Investment methods). Many organizations have maximizing
profit in dollars as one of their goals rather than maximizing a percentage of return on investments.

The drawback to this method is the difficulty in selecting an appropriate interest rate for the
particular organization and the particular project. The interest rate should be tailored to the
appropriate risk level for the project. In this report project lifetimes were assumed to be 12.5 years
for DER equipment (20 years for PV) and an interest rate of 7.5% was used unless another value
was available from the test site’s own analysis.

The following financial formulas were used:*

* Newnan, Donald G. and Jerome P. Lavelle (1998). Engineering Economic Analysis, Seventh Edition. Engineering
Press. Austin, Texas.

14
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To discount a future value to the present:
P=F(1+i)"

To compute the present value of an annuity (annualized capital cost):

P A{M}

i(1+i)

To create an annuity from a present value:

P = Present value
A = Annuity

F = Future value

n = Project lifetime

2.2.4.2 Payback

A common technique for evaluating a project’s financial value is the payback period method. Itis a
simple method to use and it is well understood. Unfortunately financial experts do not recommend
it because of its numerous drawbacks. These drawbacks are that the method does not consider the
timing of the cash flows or the value of cash flows occurring beyond the payback period. Also, the
result is in years rather than dollars leading to problems comparing projects of different financial
values (e.g. a shorter payback may yield fewer dollars than a project with a longer payback period).
Finally it confuses the speed of the return of the investment with economic efficiency. One
emphasizes the rate at which money is returned to an organization and the other the overall
profitability of the investment.’

Nevertheless, because it is a common financial tool it is provided in this report. One benefit of the
payback period is that it leaves risk evaluation open to interpretation after the result is provided,
rather than imbedding it into the result as is done in NPV. That is, a longer payback period exposes
the project to increased risk of having prices or other economic conditions change that negatively
affect the project’s financial benefits. The decision maker may then interpret the resulting payback
period within his or her own framework of risk evaluation.

In this report the payback period from DER-CAM was calculated by dividing the project cost
(provided by the site or, if not available, estimated from DER-CAM) by the annual benefit without
capital cost. The payback period from the site was provided using their estimates of project cost
and annual benefit without capital cost.

5 Newnan and Lavelle. 1998.
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2.2.5 Special Constraints Faced By the Site

Information regarding constraints faced by the site was requested. Examples include diesel engine
hours per year restrictions, combustion emissions restrictions, reliability requirements (or financial
cost of outages per unit of time), size or weight limits of equipment, and other factors that might
eliminate certain technologies (such as the oil requirements of reciprocating engines).

2.3 Tariff Information

Some of the most significant inputs to DER-CAM are electricity and natural gas tariffs. Tariff
structures vary by site and are often complex. They can include flat rate tariff schedules, time of use
(TOU) tariff schedules, customer charges, demand charges both on maximum demand and by rate
period ($/kW), energy charges ($/kWh), standby charges, site minimums, rate limiters, etc. In
addition, each of these charges can vary by month or by season. See Appendix I for detailed tariff
worksheets developed for each site and descriptions of how each charge applies to the respective
sites.

Perhaps due to the complexity of many tariff agreements the test sites are subject to, gathering the
precise information required by DER-CAM proved difficult. In most cases, site managers did not
have a thorough knowledge of their rate structures outside of the more general details (such as
which rate schedule they are on or the level of standby charges they are subject to). While the
utilities were generally forthright in providing the correct tariff information, deciphering the
schedules for application to the modeling process was challenging.

Due to their ability to make use of waste heat from on-site generation for heating and cooling needs,
many of the sites studied are considered Qualifying Facilities (QF). QFs are facilities that meet
criterion set forth by the Federal Energy Regulatory Commission (FERC) for minimum efficiencies
and other requirements for on-site power generation.” It is sometimes the case that standby charges
are waived for QFs depending upon the utility service territory. See Section 2.9 for more detailed
description QF status and how these benefits of QF status were applied in this model.

The California Public Utilities Commission offers rebates on QF project costs as described in
Section 2.9.1. Individual utilities within the state offer alternative tariff schedules for QFs.
Alternative tariff schedules generally waive stand-by charges but include an additional demand
charge that is implemented if the installed generation equipment is unavailable for more than a
specified amount of time per month.

In New York State, utilities were required to develop a new service classification to deal with
standby rates for customers with DER systems. Qualifying facilities have the option to select a
different rate than their standard rate. However, this different rate is not necessarily beneficial and
does not necessarily include removal of standby charges.” Almost all utilities in New York have

® FERC document 18 C.F.R. 292.203(a) specifies the requirements of a Qualifying Small Power Production Facility and
document 18 C.F.R. 292.203(b) specifies the requirements of a Qualifying Cogeneration Facility.
" Mike Reader, NYPSC, personal communication, 19 September 2002.

16



Distributed Energy Resources in Practice

filed new proposals for industrial customer rates and the earliest proposals have been accepted by
the PSC, including a new tariff structure from Niagara Mohawk.”

2.4 DOE-2 Load Development’

No sites were able to provide complete electric and thermal load profiles available on an hourly
basis, as required by DER-CAM. The DOE-2 building energy simulator was used to model any
unavailable hourly electricity, heating, or cooling loads (see Appendix J). A simplified user
interface was developed for the DER-CAM team, from which hourly load information was
generated based on building type, location, interior area, and known information about the
building’s energy consumption. Output data were generated as hourly reports containing selected
DOE-2 output specifications.

The DER-CAM load input is a matrix containing average hourly load data by weekday and
weekend for the twelve months of the year. Thus, there are 24 rows of data per load type. There are
five end-use load types, giving a total of 120 rows of load data, with 24 columns (one for each hour
of the day). The five DER-CAM load types used in this study are:

e Electric-only: loads met only by electricity and that cannot be met by natural gas or CHP heat
(i.e. lighting, computing, etc.).

Space cooling: loads met by electricity or heat recovery through absorption chillers.

Space heating: loads met either directly by natural gas or with residual heat from CHP.

Water heating: loads met either directly by natural gas or with residual heat from CHP.
Natural-gas-only: loads met only by natural gas and not CHP opportunities (i.e. primarily
cooking loads).

The DOE-2 output was converted to appropriate SI units, and then each load profile was added to
one of the five end-use load types. This involved estimation of the type of energy system DOE-2
modeled during the load profile generation.

A Visual Basic for Applications macro was built in Microsoft Excel to convert the DOE-2 output
into the format needed by DER-CAM. An hour-by-hour load profile for each month was computed
from hourly load profiles for each day of the year (8760 hours total), end-use, and day type by
averaging all the values of each particular hour, month, end-use, and day type. This macro also
recorded the peak hourly load for each month and each day type and compared it to the maximum
average hourly load for each hour and each day type. Average loads (averaged over each hour of
each month and each day type) were used in DER-CAM so this comparison was between the peaks
before and after averaging to provide information on how much the peak load was reduced by the
averaging process.

These load profiles were displayed in a spreadsheet and calibrated to match any information
provided by the sites regarding their energy use. The test site load profiles described in this report
are presented in Appendix K.

$ Mike Reader, NYSPSC, personal communication, 19 September 2002.
? Performed with the kind assistance of Norman Bourassa, LBNL.
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2.5 Automation Manager

Figure 7 below depicts the graphical front-end developed by Michael Stadler in Visual Basic. It
allows rapid data entry for tables used in DER-CAM by GAMS and the modification of common
parameters. This interface was essential to this project due to the large number of model runs with
different data sets and parameter specifications.
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Item electricity-only January week 9292084783 1023852696 1042585348 1 DE?._I
IAIpha [dertech] ;I electricity-only February week 987.07225 973.38175 956.54185 941,
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Figure 7: DER-CAM Automation Manager Graphical User Interface
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2.6 Scenarios Considered for Each Site
2.6.1 Description of the Six Scenarios

Six scenarios were established that modeled potential decisions at each site with the goal of
obtaining insight into various decision-making situations and results. From these six scenarios,
modifications were made based on conditions at each site and situation to conduct specific
sensitivity analysis. In these scenarios described below, the term “selected technology™ is used to
describe the specific technology types selected at a particular case study test site.

These six Scenarios are:

2.6.1.1 Scenario 1: The Base Case, or “Business as Usual’” Case

The site purchased electricity and gas from the utility company at the standard tariff rates for this
location. This scenario used the site electric and thermal load data, and the tariff information from
the utility to estimate the yearly energy bill for electricity and gas. This scenario allowed critical
calibration of DER-CAM to past energy cost information. This scenario also improved our
understanding of the local tariff and the structure of site energy costs (i.e. composition of total bill
as electricity and heating fuel and, of specific time period charges for energy and demand). This
scenario also provided a way to check if estimates of site electricity and gas load were an accurate
estimate of actual energy use. Additionally, this scenario was helpful for the initial model runs to
catch bugs and errors in model parameters.

2.6.1.2 Scenario 2: Unlimited installation

This scenario allowed for theoretical energy cost minimization by allowing the model to choose an
optimal combination of technologies from all the technologies in its database. In other words, DER-
CAM is run as an optimization with no restrictions on technology choices or investment levels.

2.6.1.3 Scenario 3: Unlimited installation of technology type selected at site

This scenario restricted the model to choose the technology that was actually installed at the site by
the proprietor and developer. However, the number of units selected could range from zero to
infinity. Hence, the possible solutions are to not install DER or to install the particular DER
technology type (e.g., all natural gas engines and CHP configurations) selected at the site with any
capacity value. Scenario 3 was often used for sensitivity analysis of annual operating cost to
changes in the spark spread rate, natural gas prices and standby charges. By adjusting the
parameters in this scenario, how the actual technology adoption decision may have come out
differently can be gauged.

2.6.1.4 Scenario 4: Forcing purchase of selected technology at site

This scenario requires the model to install the chosen technology, but additionally prohibits zero
installation. This scenario was developed to obtain information about the costs of installing a
specific technology, in any capacity level, at the site. This provides information about the annual
operating costs of the selected technology at the site. Scenario 4 was established because in

19



Distributed Energy Resources in Practice

Scenario 3 the model may not install the available technology and the results match those of
Scenario 1. Scenario 4 forces the installation of the technology selected at the site but in unlimited
capacity levels.

Scenario 4 often had four different versions (A through D) to represent the four potential
configurations of a DER system:

a) DG technology alone,

b) DG with CHP capability,

¢) DG with absorption chiller, and

d) DG with CHP and absorption chillers.

Scenario 4 could be run with each of these versions to provide information on the annual operating
cost of the different configurations of a particular technology.

2.6.1.5 Scenario 5: Forcing purchase of selected technology and same capacity as site

This scenario is similar to Scenario 4 although it requires the installation of the same capacity, or
number of units, as decided upon at the actual site. This scenario will provide the most accurate
description of the installation and operating cost of the system as specified in the design at the case
study site.

2.6.1.6 Scenario 6: Force same technology, capacity, and set operating level

Scenario 6 was developed to require the model to select the technologies and capacities as in
Scenario 5 but also to require the technology to operate at a certain level of output. This scenario
was developed to address the issue of having technologies installed by the model but not operated.
A constraint forces a certain level of output to be dedicated to a specific load. It should be noted
that this level of output must be less than both the installed capacity and the minimum load that the
output is directed toward. Also the load must be matched with the type of technology selected. For
example, an electric-only load may cause problems with a technology that produces electricity,
heating, and cooling. Scenario 6 was not used to date since the model, when forced to install a
certain technology and or capacity, chose to run the technology at least part of the time. This
scenario, however, may be useful in future modeling work. This scenario could also be used to
obtain annual operating cost information for technologies operating at a certain fixed load level set
in advance of the model run.
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Table 14: Description of Six Scenarios in DER-CAM

Scenario 1

Base Case scenario
Utility purchase of electricity and gas

Scenario 2

Unlimited installation of DER technologies
Any technology and capacity combination allowed (true
optimization)

Scenario 3

Choice of only technology type (e.g. natural gas engines)
installed at site. No requirement to install or capacity constraint.
>= () technology units (same type)

Scenario 4

Forced purchase of same technology as site
At least one unit must be purchased.
>= 1 technology units (same units)

Scenario 5

Forced purchase of same technology unit as installed at site
And same capacity = X technologies (same number of units)

Scenario 6

Forced purchase of same technology and capacity as site chose
Fixed operating level in terms of kWh output

2.6.2 Graphical Representation of Scenario Results

In the interest of brevity, a graphical presentation of each site’s scenario results is presented in their
respective sections along with a table summarizing the results from each scenario, while all
numerical results and sensitivity analyses are presented in tabular form in Appendix A. Figure 8
below is a sample graphical presentation of scenario results. Each bar represents the results of one
scenario, as labeled at the bottom of the bar. The three shaded sections represent the proportions of
annual energy costs for self-generation (equipment capital costs and operation and maintenance
costs), electricity from the utility, and natural gas from the utility. Natural gas purchases include all
natural gas purchases from the utility, including those used to fuel DER equipment. These graphs
do not depict the type or amount of DER equipment selected by DER-CAM. These data are
presented in Section 6, in Table 53: Comparison of Site DER System Selection Decisions, and in

the results section of each site.
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Figure 8: Sample Scenario Results

Another output from DER-CAM is the daily average source of energy consumed (e.g. utility or
DER) for a given load type for a given day type in a particular month. For example, DER-CAM
produces information on the amount of electricity serving the electric-only load that comes from the
utility or the DER system during a weekday in January. This information may be graphed for
cooling, space-heating, and water-heating loads as well (natural-gas only loads are considered for
these sites to always come from the utility, even if the natural-gas load is served by propane).
Examples of these daily consumption graphs are presented Appendix B.

2.7  Sensitivity Analysis

Sensitivity analyses on the model runs were performed to understand the influence of key
parameters on the decision to install DER technologies and their resulting cost effectiveness.
Sensitivity analyses were preformed on the cost of natural gas and on standby charges for each site.
In addition, the net cost of electricity, including energy, demand, time of use, and standby charges,
was converted into a flat $/kWh energy charge for all hours. The sensitivities are described below.
The results from these sensitivity analyses are presented in the individual case study sections.

2.7.1 Spark Spread Sensitivity

Sensitivity to natural gas is a simple way of examining the more complex parameter, the spark
spread. Spark spread is defined as the ratio of cost per unit energy of electricity to the cost per unit
energy of gas. A large spark spread implies energy from electricity is much more expensive than
energy from natural gas. When the cost of electricity is high enough relative to that of natural gas
(large spark spread), self-generating electricity using natural gas becomes economically attractive.
By varying the natural gas costs, the spark spread is varied.
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Figure 9 below is a sample of the graphical presentation of spark spread sensitivity results. Each
bar represents the installed capacity chosen by DER-CAM for a different spark spread, and the label
below each bar specifies the spark spread and, in parentheses, the gas prices used for that run as a
percentage of actual gas prices. The three shadings on the bars portray the proportions of installed
capacity that is generation only, generation with heat recovery (CHP), and generation with heat
recovery for absorption cooling. The horizontal line depicts the maximum electric load of the site
so that installed capacity (bar) can be compared to maximum demand. The other line plotted on the
graph is the yearly energy cost (DER, electricity, and gas) with respect to the vertical axis on the
right side of the graph. The spark spread sensitivity analysis was performed on Scenario 3 to
understand the effect of gas and electricity prices on the costs of the DER technology type selected
at each site.
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Figure 9: Sample Spark Spread Sensitivity

2.7.2  Standby Charge Sensitivity

Standby charges are imposed on DER adopters as a monthly cost per kW of installed DER capacity.
This is intended to make self-generating sites pay for the excess capacity that the utility must have
on hand in the event that the on-site DER equipment is not operating. Standby charges are often
cited as a barrier to customer adoption of DER systems. Sensitivities to standby charges were done
to see what affect standby charges had on customers’ decisions to self-generate. The standby
charge analysis was performed on Scenario 3 to determine the effects of standby charges on the
optimal costs, capacities and types of the selected technologies at each site. A Scenario 3 sensitivity
analysis allows selection of any capacity within a given type (e.g. natural gas engines) and provides
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the flexibility, while still staying within the constraints of each site, to obtain more information
about other cost effective DER system designs.

It should be noted that standby charges have the same affect as increasing the capital cost of
equipment—i.e., they are a fixed cost per kW of capacity. Every dollar of monthly standby charge
per kW of capacity translates into $12 annually per kW of capacity. In the DER-CAM models used
for these case studies, a discount rate of 7.5% was used, and the lifetime of all equipment was
assumed to be 12.5 years. These values give an annuity on capital costs of 12.6% per year. Thus, a
fixed annual cost (such as standby charges) is equivalent to 12.6% of a capital cost increase: Each
dollar of a monthly standby charge ($12/kW annually) is equivalent to increasing the capital cost of
equipment by $95/kW.

Figure 10 below is a sample graphical presentation of standby charge sensitivity results. Bars are
similar to those for spark spread sensitivity graphs (Figure 9) in that each one represents DER-
CAM’s chosen installed capacity for a given standby charge in dollars per month (the label at the
bottom of each bar). The bars are sectioned into proportions of generation only, generation with
CHP, and generation with absorption cooling, which are selected. The horizontal line depicts the
maximum electric load of the site so that installed capacity (bar) can be compared to maximum
demand. The other line plotted on the graph is the yearly energy cost (DER, electricity, and gas)
with respect to the vertical axis on the right side of the graph.
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Figure 10: Sample Standby Charge Sensitivity
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2.7.3 Flat Rate Electricity Sensitivity

The application of time of use (TOU) electricity rates and demand charges has been the utilities’
method of applying real-time pricing to a commodity that, historically, was too expensive to meter
in real-time. This creates a peaky rate schedule, arguably more so than would result from actual
real-time pricing. In order to understand and compare DER adoption decisions and energy use
patterns without the influence of rate schedules that fluctuate throughout the day, flat electricity
rates (same cost per kWh at any time and no demand charges) were applied to each model. Flat
rates were determined by dividing the sites’ total energy costs (in dollars) prior to DER installation
to their total energy consumption (in kWh) prior to DER installation. The flat rate sensitivity
analysis was performed on Scenario 2 of each site in order to determine the influence on overall
DER adoption decisions.

Figure 11 below is a sample graphical presentation of flat electricity rate sensitivity results. Bars
represent the total yearly energy cost (DER costs, electricity, and gas), which are broken into
proportions of the three costs. The line depicts the level of installed capacity chosen by DER-CAM
in each scenario.
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Figure 11: Sample Flat Electricity Rate Sensitivity

2.8 Assumptions of Modeling Process

There are two sets of assumptions in this modeling process: general assumptions required by the
structure of DER-CAM, and assumptions that are specific to a particular test site. This section
covers the general assumptions inherent in using DER-CAM. The case study site analysis will
cover the assumptions made for each particular test site.
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The DER-CAM modeling process makes the following assumptions:

e The modeling process assumes the software models are accurate. These software models
include DOE-2 and the assumption that the output is correct and linearly scalable. In other
words, when DOE-2 energy use estimates disagree with actual data, the load profiles are still
valid and can be scaled to meet actual data.

e All decisions are made in the same year: all technology, load, and tariff information is
concurrent.

e Perfect information is assumed in the decision-making process: all technology cost and
performance data is accurate and known by all the decision makers involved in the process.
Furthermore the cost estimates of a DER system do not change during a project’s installation
period or after it is operating.

e All technologies in the model have one of four types depending upon the outputs it is capable of
producing: DG (electricity only), DG with CHP (heat recovery) capability, DG with absorption
chiller (cooling) capability, or DG, CHP, and absorption cooling capability. In the model, each
technology is simply a “box” that produces one of the four combinations of electricity, heat, and
cooling capacity each hour with representative costs. In reality, the actual systems may not be
able to be integrated without additional electrical and mechanical equipment. The integrated
packages included in the model represent only a few of the many combinations of CHP
technologies possible.

e For some of the case study sites DER-CAM was used to estimate the cost of a DER system with
CHP or absorption chilling. In these cases, the CHP systems were considered retrofits to the
existing heating and cooling systems in each building. However, the capital cost of a DER
system with CHP or absorption chilling, in dollars per kW, was estimated based on knowledge
of the installed cost of these systems from some of the sites where that particular information
was available. It is assumed that each customer uses a natural-gas-fired boiler or furnace to
meet residual heating loads, and a compressor driven air conditioning system is used to meet
cooling loads. It is assumed this equipment for meeting residual loads operates at average
efficiency.

¢ In this model absorption cooling is used to displace compressor cooling. However, in order to
avoid altering the cooling load input data, the absorption cooling is also assigned a certain
“phantom” electrical output at zero cost. This should result in the model accurately representing
the capital and operating costs, and the performance characteristics of absorption cooling
equipment while simultaneously substituting for electricity powered cooling equipment without
affecting the electrical load data. The electrical load data are input to the model and mixed
integer programming optimization models are not able to modify the input data.

e Since typically the performance of the CHP systems was given only at maximum capacity in the
specification sheets, it was assumed that each CHP unit operated at constant efficiency and COP
over the range of output. That is, the amount of heating or cooling a unit produced was
proportionally related to the percent of electrical capacity the unit is producing. The ratio of
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heating output, or cooling output, per unit of electric output is also assumed fixed. In other
words, the efficiency of fuel input and energy outputs per unit of electricity production capacity
are assumed fixed throughout the technology’s operating capacity.

e In the process of developing the heating and cooling loads for each particular site, only those
loads from the total heating and cooling loads that could be met by CHP systems were selected.
Other loads were included in the model as “natural-gas-only loads.” Another assumption is that
the heating and cooling loads developed for this model accurately reflect the heating and
cooling loads of the buildings being modeled. In other words, the DOE-2 model accurately
estimated the heating and cooling loads and the specific portions of that load that are able to be
met with CHP were able to be selected.

e The manufacturer performance specifications are assumed to be correct and the price estimates
from the manufacturer are assumed to be representative for the area and time period studied.
Capital costs in $/kW are assumed to be turnkey costs, that is the total cost of system design and
the purchase and installation costs.

e Heat flow is modeled using kW (power) on an hourly basis. Heat is all the same quality, it
flows where it is directed to and it is delivered with efficiency of parameter y to loads, where 7y is
equal to 0.8 for CHP served heating loads and 0.11 for absorption chiller served cooling loads.
The temperatures, flow rates, and pressures of the heat transfer mediums are ignored. The
specific type and capacity of the thermal end-use, temperatures, flow rates, distances, pressures,
efficiency curves, become important in a specific application but were not included in this
model. For example, the inlet temperatures of the hot water (cooling loop) or the chilled water
(absorption cooling) are assumed to be ideal.

e The DER equipment is able to maintain a load-following capability. That is, electric loads are
met with DER output and heating and cooling needs are able to be met with a combination of
CHP output (which is also based on electricity production) and assistance from the
supplementary heating and cooling systems.

¢ Ancillary loads of absorption chillers are ignored. This is a reasonable assumption since for a
standard absorption cooling system there are only two water pumps. Pumping a liquid requires
substantially less energy than a compressor cooling system.

e There is no storage in the building of thermal heat, the constraints to meet heating and cooling
load with production has to be met for each hour of the day. In other words, the building does
not have thermal mass and cannot “inventory” heat from one hour to the next. However,
heating and cooling loads can be reduced during off peak hours to reflect the reduced demand
for energy at those times.

¢ A number of parameter assumptions were used in the model. The sensitivity analysis in Section
2.7, discusses how sensitive the model is to some of these parameters with respect to energy
efficiency. Residual heat is converted to useful heat at an efficiency of 0.8. Purchased natural
gas is converted to useful heat at an efficiency of 0.85. Absorption chillers are estimated to
reduce electrical cooling load with an efficiency of 20% due to the approximation that an
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electric, compressor driven air-conditioning systems has a COP of 5.0 verses a COP of 0.7 for
absorption chillers. Hence, it takes five times more thermal energy input for an absorption
chiller to produce the same amount of cooling as an electric compressor driven chiller. An
estimated cost function for these technology combinations produced the cost of various
combinations of DG, CHP, and absorption chiller technologies. The technology lifetimes are
considered to be 12.5 years for most technologies except the photovoltaic panels, which are
assumed to last for 20 years. Discounting cash flows to the present value is done at a nominal
interest rate of 0.075 unless the specific interest rate used in financial calculations at a particular
site was known.

¢ Diesel limitations were assumed to be 100 hours in all cases. In reality, the regulations vary
between environmental conservation divisions and even within utility service territories. There
may be diesel restrictions for hours of operation for maintenance purposes, for emergency
backup power and for backup power during stage 1, 2, or 3 alerts in addition to restrictions for
use as supplemental power. The hours may also vary by technology type. For example, if a
diesel engine demonstrates it passes emissions tests then it may be allowed to operate in certain
regions.

2.9 Including Rebates and Grants for DER Technologies in Model

This section describes some of the rebates and grants for which DER systems are eligible. Projects
that receive money automatically after meeting specific criteria are referred to as rebates. Grants
here refer to financial awards that must be applied for after meeting appropriate criteria. The rebate
and grant money received by a site was typically considered in DER-CAM to be a reduction in the
capital cost of the eligible technologies for test sites that had applied for and received them. If the
subsidy had not yet been received, but the site indicated that they met the criteria, they were
considered eligible for the grants or rebates in this analysis.

Under the Federal Energy Regulatory Committee (FERC) regulations individual states determine
incentives for QFs in their state, which may include rebates on DER project costs and/or energy
tariff reductions. Determining which incentives were available to each site proved difficult. Some
of the organizations contacted include the FERC, the New York State Public Service Commission
(NY PSC), Long Island Power Authority (LIPA), KeySpan, California Energy Commission (CEC),
California Public Utilities Commission (CPUC), Pacific Gas and Electric (PG&E), Southern
California Edison (SCE), San Diego Gas and Electric (SDG&E), and other energy consultants.

2.9.1 CPUC Self-generation Incentive Program'® '":

As part of California Assembly Bill 970, CPUC approved a statewide self-generation incentive
program in September 2000. The self-generation program provides financial incentives to
customers that install new, qualifying self-generation equipment to provide all or a portion of their
electrical needs. Funding is provided for self-generation up to 1 MW. The program is administered

1% CPUC Self-Generation Incentive Program July-December 2001 Status Report,
http://www.cpuc.ca.gov/published/report/13690.htm

' San Diego Regional Energy Office, San Diego SELFGEN Program Frequently Asked Questions,
http://www.sdenergy.org/docs/SELFGEN_FAQs.pdf
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by Pacific Gas and Electric (PG&E), Southern California Edison (SCE), Southern California Gas
Company (SoCalGas) and the San Diego Regional Energy Office (SDREO, serving SDG&E

customers), and provides $125 million annually statewide.

Table 15: Technologies Eligible for CPUC Self-Generation Rebates'

Maximum Maximum
Incentive | Incentive % of Minimum Svstem Eligible
Category | Offered Project System Size gize* Technologies
Cost
Photovoltaics, fuel cells
Level 1 $4500 / kW 50% 30 kW 1.5 MW operating on renewable
fuel, and wind turbines
Fuel Cells operating on
Level 2 | $2500/kW |  40% None 1.5Mw | hon-renewable fuel and
utilizing sufficient
waste heat recovery
Microturbines, small
gas turbines, internal
combustion engines,
Level 3 | $1000/kW 30% None 1.5 MW using sufficient waste
heat recovery and
meeting reliability
criteria
* Maximum system size 1.5 MW, but rebate funding only available up to a 1 MW cap

For purposes of the program, self-generation refers to “clean distributed generation technologies,”
such as microturbines, fuel cells, photovoltaic, small gas turbines, wind turbines, and internal
combustion engines, that meet the following criteria:

e At least 5% of the power system’s total energy output is in the form of useful thermal energy.

e Where useful thermal energy results from power production, the useful annual electrical output
plus one-half the annual useful thermal energy output equals not less than 42.5% of any natural
gas and oil energy input.

e In the case of microturbines, small gas turbines, and internal combustion engines, the following
power quality and reliability requirements must be met:

»  The self-generating facility must be designed to operate in power factor mode
such that the generator operates between 0.95 power factor loading and 0.90
power factor leading.

= Sites with greater than 200 kW generating capability must coordinate
maintenance schedules with the local utility, and in general can only schedule
maintenance from October to March, and if necessary only during off peak or
weekend hours between April and September.

12 San Diego Regional Energy Office, San Diego SELFGEN Program Frequently Asked Questions,
http://www.sdenergy.org/docs/SELFGEN_FAQs.pdf
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The funding from this program is available as a secondary source after other sources have been
fully tapped. The CPUC funding limits are decreased by the amount of alternate funding. In other
words, the limits set out by the CPUC represent a cap to funding available to qualifying sites in
California. It is assumed, therefore, that the test sites located in California that indicated they are
applying for or have received CPUC self-generation funding are qualifying facilities, and will
receive funding up to the limits set by the CPUC in this program.

2.9.2 New York State Funding for Energy Efficiency and DER

In New York State the Public Service Commission (PSC) has implemented a systems benefits
charge (SBC) on electric rates for the purposes of increasing energy efficiency and providing public
goods programs. The program has been expanded to include transmission and distribution issues
due to increasing difficulties of providing energy services in “load pockets.”'®> The money collected
from the SBC is distributed to New York State Energy Research and Development Authority
(NYSERDA) 75%, and the remainder to the electric utilities for their own programs. NYSERDA’s
programs are called “Energy$mart” and include low interest loans, and targeted energy efficiency
programs for schools, agriculture, homes, communities, and pollution control and monitoring for air
water and solid waste emissions.

In the area of DER and CHP, NYSERDA offers funding for projects that demonstrate the use of
DER technologies in industrial, commercial, municipal, and institutional organizations.

NYSERDA'’s DER programs provide approximately $12 million annually statewide for 2002
through 2006."

Table 16: NYSERDA DER Program Funding

Funding Allocation 2001 2002-2006 Total
Distributed Generation | $8,637,233 $58,445,839 $67,083,072
Combined Heat and

Power

2.9.3 DOD and CERL Climate Change Fuel Cell program

The DOD’s Climate Change Fuel Cell program was initiated in 1995 and provides up to $1,000/kW
for fuel cell installations with a capacity of at least 3 kW."> The fund is administered through the
US Army Corps of Engineers Construction Engineering Research Lab (CERL). The funding level
for fiscal year 2002 is expected to be $3 million.

' John McLaughlin, Public Service Commission, personal communication, October 2002.

" NYSERDA, System Benefits Charge: Revised Operating Plan for New York Energy $mart Programs 2002-2006,
June 12, 2002. http://www.dps.state.ny.us/sbc.htm

' Department of Defense (DOD) and Construction Engineering Research Lab (CERL) website September 2002.
http://www.dodfuelcell.com/climate/
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3. The Test Cases

3.1 Summary of the Test Cases

The values in Table 17 are derived from costs and savings as estimated by the test site energy
developer. These values are with respect to the overall cost of the DER project not the financial
arrangement actually used at each site. That is, these values may be different from the costs and
benefits of the project from the perspective of the site’s owner due to contract agreements (e.g.
shared savings or loans) with the energy developer. Estimated values below were not available
from the site but derived using DER-CAM data. The payback period from DER-CAM was
calculated by dividing the project cost (provided by the site or, if not available, estimated from
DER-CAM) by the annual benefit without capital cost.

Table 17: Summary of Project Costs and Benefits at Test Sites

Source of Project Cost | Grants Annual Net Present Payback

Financial Received Benefit Value (NPV) | (including

Estimates (without (including grants)
capital cost) | grants)

A&P $145,000 $95,000 $8,312 $51,826 6 years

A&P $145,000 $95,000 $11,777 $94,274 4.2 years

DER-CAM

GSB $4,353,375 $2,100,000 NA NA NA

GSB $4,353,375 $2,100,000 $218,495 $(518,466) 10.3 years

DER-CAM

The Orchid NA $0 $700,000 $2,917,754 3.8 years

estimate

The Orchid $2,636,109 $0 $732,124 $3,091,430 3.7 years

DER-CAM

BD Confidential | $112,500 $103,085 $530,000 2.5 years

Biosciences estimate

Pharmingen

BD Confidential $112,500 $96,888 $506,218 2.7 years

Biosciences

Pharmingen

DER-CAM

USPS DG $480,000 $0 $75,000 $115,057 6.4 years

only

USPS DG $480,000 $0 $217,544 $1,246,014 2.2 years

only

DER-CAM

USPS $680,000 $0 $159,000 $581,520 4.3 years

Absorption ($204,000

Cooling potential)
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Source of Project Cost | Grants Annual Net Present Payback
Financial Received Benefit Value (NPV) | (including
Estimates (without (including grants)
capital cost) | grants)
USPS Abs. $680,000 $0 $303,695 $1,729,543 2.2 years
DER-CAM ($204,000
potential)

NA = not available

Estimated values are derived from DER-CAM data rather than information provided directly from site.
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3.2 Case A: A&P Waldbaum’s Supermarket, Hauppauge, NY

This newly opened supermarket in the Long Island town of Hauppauge has installed a 60 kW
Capstone Microturbine, a Unifin Microgen heat recovery unit, a Munters HVAC unit, and desiccant
dehumidification. The 5,300 m” (57,000 ft*) supermarket is a typical full-sized grocery store,
opened in July 2002. The Waldbaum’s store is owned by A&P Supermarkets (also known as The
Great Atlantic & Pacific Tea Company, founded in 1959).

A&P has approximately 760 stores in the Northeast, Atlantic, and Midwest regions of the United
States and Ontario Canada. CDH Energy from Cazenovia New York provided the development and
engineering services for the DER system. The sponsors of the project include NYSERDA,
KeySpan Gas R&D, Oak Ridge National Laboratory, and National Renewable Energy Laboratory.
Other organizations involved include National Accounts Energy Alliance (NAEA), Exergy
Partners, AGA, and GTI. CDH Energy is the only organization to conduct an engineering or
economic analysis to date for this site.

Figure 12: A&P Waldbaum’s Supermarket, Long Island, NY

This site was chosen for multiple reasons. First, it is situated on Long Island, which is an area that
is experiencing a rapid increase in transmission system congestion from demand exceeding both
local supply and import transmission capacity. Long Island, the most heavily congested electricity
area of New York State, set a monthly record for electricity consumption in July 2002 by
consuming more than 2.5 TWh of electricity, a 21% increase over July 2001."° Increasing
residential development, a decrease in electricity rates relative to nearby locations, and problems
obtaining additional transmission import capacity and siting new power plants have exacerbated the
power problems in the area.'’

One way of measuring transmission system congestion is by the level of positive congestion charge.
Positive congestion charges result when demand on Long Island results in generation being taken
out of economic order (i.e. cheaper generation cannot be used to satisfy load because of physical
transmission constraints). Prices on Long Island experience an increase relative to the Reference

16 New York Times, Power Official Cites Long Island Needs, August 9, 2002.
" New York Times, L.I. Power Official Warns of Dire Need for New Plants, August 9, 2002.
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Bus price (the calculated price of electricity in the state if there were no congestion) and the
difference is considered a positive congestion charge.'® In 2001 Long Island had positive
congestion charges in the Day Ahead market 62% of the time and positive congestion charges in the
Real Time market 81% of the time. In 2002 Long Island had positive congestion charges in the Day
Ahead rgarket 82% of the time and positive congestion charges 78% of the time in the Real Time
market.

The second reason for selecting this site is that the grocery store has thermal requirements that can
utilize CHP all year round. In the summer, there is dehumidification of the incoming air to reduce
energy consumption of the electric air conditioning units and to control ambient humidity. In the
winter, there are substantial heating loads.

A third reason for selecting this site is the high degree of replication of a DER system, along with
knowledge of the design, implementation, and technologies, at other grocery stores. The energy
requirements of this site are typical of grocery stores of this size. There are over 1000 grocery stores
in New York State presenting a large market for DER systems with CHP and desiccant
dehumidification capabilities. Nationwide, about 1000 grocery stores have installed a desiccant
dehumidification system. This project is attractive to A&P, NAEA, and the other sponsors because
an economic application of DER would be highly replicable both in New York State and nationally.

Fourth, this site represents a highly competitive, low-margin business with a high level of attention
to minimizing costs and increasing efficiency in all areas. This competitiveness is reassuring to
other businesses considering DER systems for their operations that are dependent upon minimizing
costs and maintaining a high level of energy services and power quality.

F